ABSTRACT
in order to determine its glycosylation pattern) is based on immunoaffinity binding. However, Enrichment and/or fractionation of the complex protein mixture is also a common alternative.
53
For analysis of large number of diverse proteins the best choice is often reducing the complexity 54 of the biological mixture by fractionation. There are many possibilities, each with advantages 55 and disadvantages. Multidimensional separation techniques (like 2D gel electrophoresis) are 56 more efficient, but are time consuming, and often not feasible for high throughput analysis [6, 7] .
57
Fractionation can be performed either on the intact protein mixture, or following the digestion of 58 the proteins [8] . The latter case typically involves proteolytic enzymes (like trypsin).
59
Fractionation at the peptide level has the advantage that there are a wide variety of well- Fractionation at the protein level is also feasible [7, 9] , although the analytical methodologies are 64 not so well defined. Most frequently ion exchange, size exclusion, hydrophobic interaction, 65 partition, affinity chromatography, dye-ligand chromatography and electrophoretic methods are 66 applied [10, 11] . These techniques are efficient, and often separate not only the proteins, but also 67 various protein variants: sequence variants (e.g. genetic variants); diverse PTMs; and among the 68 latter various glycoforms. as it separates proteins with high efficiency, but the different protein variants are expected to 76 elute together. In the present paper we focus on this approach, and apply it to the study of site-77 specific glycosylation patterns and genetic variants. 
nano LC-MS(/MS) measurements

162
The samples prepared as described above were subjected to several nano-HPLC-MS(/MS) 163 experiments. The first objective is to determine the protein composition of the plasma fraction 
167
The digested fractions were analyzed using nanoAcquity UPLC (Waters, Milford, MA, USA) 168 coupled to a high resolution QTOF Premier mass spectrometer (Waters, Milford, MA, USA).
169
The chromatographic conditions were during all MS(/MS) measurements the following: the glycoprotein were identified using these conditions, as well.
187
Glycosylation sites and major site-specific glycoforms were identified with tandem mass instrumental parameters were same as described above.
193
Site-specific glycosylation pattern of components of the fractions has been analyzed and 194 characterized by the method described earlier in detail [17] . 
233
The first issue to consider is the amount of proteins needed to be isolated/enriched. This, in turn, (Fig. B) .
271
Using the conditions described above proteins were collected in 20, 0.5 min wide, 500 µL containing acidic and neutral sugars were studied.
294
In the case of standard (commercial) serotransferrin sample, the UV chromatogram in respect to glycoform analysis.
311
We have performed an analogous study in the case of blood plasma. We have tried to follow 312 elution of serotransferrin in the plasma sample, but due to the complexity of the electrospray 313 signals the results were equivocal. To confirm the assumption that various glycoforms of 314 serotransferrin in the plasma sample indeed elute in a single chromatographic peak the following 315 test was performed. The RP-HPLC fractions were collected as described above. The fractions
316
were digested using trypsin, and the intensity of the molecular ions of the three most abundant 317 peptide fragments of serotransferrin were determined using a conventional nano-HPLC-MS 318 experiment. The relative amount of serotransferrin in each fraction was determined using label-319 free quantitation; using the average abundance of the three most abundant unique peptide signals.
320
The result is shown in Fig. C proteomics experiment using nanoHPLC-MS/MS, as described in the Material and methods part.
332
All of these peptides were found in the same protein fraction, indicating that the protein variants 333 co-elute under the studied conditions.
334
Reproducibility of fraction collection was also studied. This is illustrated the case of beta-2- glycoforms) so determined in three replicates is, on average, 15% SD. This is identical to that 344 described before for standard protein samples [17] .
345
Most studied proteins gave results similar to those discussed above (one chromatographic peak).
346
One notable difference is haptoglobin; which showed a single peak having a very (8 min) long 347 tail (probably due to strong column binding; observed in the standard, using UV detection, Fig.   348 E.1). We have collected the various fractions from plasma; after digestion and nano-HPLC- 1-acid glycoprotein, using 3 replicates.
363
As described above, loading capacity was a major issue optimizing the present methodology.
364
This determines the amount of proteins isolated/fractionated by RP-HPLC for further studies. 
